great interest to the press and broadcasting media, as witnessed during the "hole in the heart" era and more recently with heart transplantation. Such attention from the news vendors has not always been healthy for the profession or the public but it is difficult to counteract this tendency.
As a result of the rapid evolution of cardiac surgery there are inevitably claims for priority in the performance of certain procedures or the publication of results. I have endeavoured to record these wherever appropriate and have attempted to verify the claims either by personal communication, by consulting publications, or by browsing through clinical and operating records. Wherever possible I have recorded the relevant published papers.
Much of what follows is directly concerned with the surgery of the heart, but progress would have been difficult without the help of cardiologists, radiologists, biochemists, and haematologists. Even more important has been the contribution of the perfusionist and anaesthetist and it is impossible to do them justice in an article of this nature.
The beginnings Billroth' s much quoted comment that "Any surgeon who would attempt an operation on the heart should lose the respect of his colleagues"' was upheld by the profession generally for many years, until it gradually lost credibility in the decades after the end of the second world war. Even now there are still doubters. Despite this negative attitude to cardiac surgery the specialty in the United Kingdom has provided one life peer, three knights, and three presidents of royal colleges as well as many administrative and other officials.
Most histories of cardiac surgery refer to the quite fortuitous procedure of Henry Souttar,2 who on 6 May 1925 carried out the first operation for mitral valve disease with survival and whose approach, as it turned out, was to. become the accepted one 30 years later. He explored the mitral valve with a finger inserted through the left atrial appendage and found both stenosis and regurgitation. With the finger he broke down the adhesions between the leaflets. By good fortune the patient recovered, but the disciples of Billroth were still active and Souttar was never given the chance to repeat his operation. Perhaps this was just as well for disaster would surely have ensued, as with other attempts to attack the mitral valve in the 1920s. There were no blood transfusion service and no antibiotics and, perhaps most important, anaesthesia suitable for open chest surgery had not been developed.
On 26 August 1938 Robert Gross3 performed the first successful ligation of a patent ductus arteriosus. Oswald Tubbs4 at St Bartholemew's Hospital was presented with a patient with an infected patent ductus which was successfully ligated on 5 December 1939. This cured the infection and he thus became the first surgeon in Britain to attempt closure of a duct, albeit an infected one. In his Hunterian lecture in April 1943 Tubbs5 reported a series of nine infected ducts which had been closed surgically, with six survivors.
At the start of the second world war Dwight Harken was RSO to Tudor Edwards at the Brompton Hospital but was recalled to the United States shortly after the declaration of war. Eventually in 1944 he returned to Britain to be in charge of the first American surgical chest centre, located with the 160th General Hospital of the US Army in Cirencester. Harken had already had more than a passing interest in the heart and became fascinated by the problem of cardiac wounds and foreign bodies in the heart. His success in removing foreign bodies from the cavities of the heart was soon well known and his unit received a steady flow of patients with cardiac wounds. In all Harken carried out 134 operations 888 for the removal of cardiovascular foreign bodies6-78 were within or related to the great vessels and 56 within or related to the heart. Of these, 13 were actually within the cavity of the heart or great vessels. The remarkable feature of Harken's series was that not one of his patients died. Harken was to return to Boston with his appetite for cardiac surgery thoroughly aroused and he was soon concerned with the surgery of the mitral and aortic valves. Two weeks before Sellor's report appeared Brock" reported three successful pulmonary valvotomies performed through the right ventricle, the first having been done on 16 February 1948. His first success followed three failed attempts at valvotomy through the pulmonary artery. Brock was to develop the technique using graded valvulotomes, sleeve punch forceps, and expanding dilators in the treatment of Fallot's tetralogy. This was an alternative to the Blalock and Potts procedures and was considered by Brock to be a better alternative where it could be applied, as it led to better development of the often hypoplastic pulmonary vasculature. The combined procedure of pulmonary valvotomy and infundibular resection became known as the "Brock operation" and enjoyed a measure of popularity, especially in Britain (there was less enthusiasm in the United States), until it was superseded by total one stage correction of the tetralogy.
There were many exasperating problems with mitral valve surgery, '2 The evolution of cardiac surgery in the United Kingdom ion surgery as the use of baffles, pericardial tube grafts and the like had proved disappointing.
The aortic valve proved to be a more formidable problem and in fact it was never very satisfactorily dealt with by closed techniques. The approach was either from the left ventricle with an expanding dilator (Bailey and Brock) or from the aorta with an operating tunnel stitched to an aortotomy incision in the ascending aorta (Harken) . There were some spectacular successes but many failures and the surgery of the aortic valve had to await the advent of open heart surgery and a reliable valve prosthesis.
Towards direct vision intracardiac surgery
It had been known for some time that reduction of the body temperature had an anaesthetising effect on the body and also reduced the metabolic requirements of the tissues. Bigelow in Toronto carried out the basic early experiments in 1950. '4 He showed that a reduction of body temperature to 30°C prolonged the period during which the brain could be rendered anoxic from three to 10 minutes. This was time enough for rapid intracardiac surgery. Lewis in Minneapolis was the first to use the procedure clinically to close an atrial septal defect using rubber blankets;'5 but it was Henry Swan in Denver, using an iced water bath, '6 who developed the technique which was found to be most acceptable.
In London Sellors, working at the Middlesex Hospital, was one of the first to adopt Swan's technique and he reported a series of over 200 cases of closure of atrial septal defects in 1960.17 Swan's hypothermic bath technique, however, was cumbersome and messy and the rewarming process was slow. Brock therefore developed a technique of venovenous cooling whereby blood was removed from the venae cavae, passed through a cooling coil, and then returned to the heart. The procedure was more controllable and more "surgical." Rewarming was easier, quicker, and more reliable but the patient had to be heparinised. The technique was never widely used and both Brock's and Swan's methods were eventually superseded by the development and perfection of an extracorporeal circulation.
Ten minutes of circulatory arrest was sufficient only for a few intracardiac procedures, such as the closure of atrial septal defects and the relief of pulmonary and aortic stenosis, and surgeons longed for the ideal operating conditions of a still and bloodless heart and no time limit. A device to take over the essential functions of the heart and lungs was needed. Gibbon'8 in Philadelphia, Bjork in Stockholm, and Melrose in London were all simultaneously working in their laboratories with heart lung machines. Gibbon had been engaged for years in such research and on 6 May 1953 carried out his first and only successful open heart operation. '9 Two others were done later but both patients died. Gibbon did not proceed with clinical work but his device (the stationary vertical screen oxygenator) was adopted and adapted for use in the Mayo Clinic by Kirklin and later by Sellors at the Middlesex Hospital. Bjork in the meantime had devised an apparatus consisting of stainless steel discs rotating in a bath of blood. Melrose, having seen Bjork's machine, made improvements which increased efficiency by rotating an inclined drum through which blood flowed slowly by gravity across a series of shallow trough like discs, so that the blood was passed from one disc to the next and was thus able to take up a greater proportion of oxygen.202' The machine was manufactured by New Electronic Products (NEP), which was later taken over by Honeywell.
Animal experimental work was carried out in London at the Royal Veterinary College and by 1953 Melrose and the Hammersmith Hospital team were ready for clinical trials. It was decided initially to use the machine as a supportive bypass for very sick patients with aortic stenosis. . The operation would still be a closed procedure but the extracorporeal circulation, it was hoped, would support the heart during the surgical manouvre. On 9 December 1953 Rose Pilgrim, a woman with severe aortic and mitral valve disease, survived a double closed valvotomy with supportive bypass using the Melrose machine.22 Six other patients were operated on but only the first survived and further clinical work was halted.
Further experimental work and sporadic clinical trials followed but little progress was made. Eventually, in 1956 Melrose and Cleland paid a lengthy visit to Kirklin at the Mayo Clinic and to Lillehei in Minneapolis. Returning with a much clearer understanding of the physiological problems of extracorporeal circulation and the vital importance of monitoring all physiological functions and especially the fluid and blood balance, the Hammersmith team on 17 April 1957 put their experience to the test. The patient was a 30 year old woman with a secundum atrial septal defect and pulmonary hypertension (which was the reason for choosing extracorporeal circulation rather than hypothermia). The postoperative course was stormy and a tracheostomy was required, partly as a result of a bilateral transverse thoracotomy.9 The patient survived, however, and was subsequently discussed by Beard.23 In 1982 she was alive and well from the cardiac point of view but was having some psychiatric troubles.
The initial successes with extracorporeal circula-890 tion were with operations which could have been done with hypothermia alone and it became clear that to convince the sceptics the team would have to perform operations for more complex conditions. Richard Bonham Carter, paediatric cardiologist at the Hospital for Sick Children in Great Ormond Street, came to the rescue and promised to refer 50 children with ventricular septal defects from his vast list to the Hammersmith team with "no questions asked" until the 50 operations had been completed. The series was resoundingly successful, with an overall mortality rate of 20% but only 4% in cases of uncomplicated defect (that is, without pulmonary hypertension or anatomical complications).
These early operations used potassium citrate to arrest the heart.24 Two millilitres of a 25% solution of potassium citrate in 50 ml of heparinised blood from the patient were injected into the aortic root, with the ascending aorta clamped. Ideal operating conditions ensued-a flaccid, bloodless heart-with rapid return to normal beating on release of the aortic clamp. Over 100 patients were dealt with by this technique without any apparent ill effect. Reports from North America, however, where the technique was widely adopted, suggested that the potassium solution resulted in myocardial damage and it was reluctantly abandoned in favour of hypothermia, hypoxia, and electrical fibrillation, with later coronary artery cannulation and perfusion.
In July 1957 the second unit using the Melrose-NEP heart lung machine started at Leeds under the direction of Wooler. His first patient had mixed mitral valve disease. He became interested in the problem of mitral incompetence and after studying the pathology of the condition developed a form of annuloplasty that proved effective over a long period and was the forerunner of other techniques of annular plication. These There were, however, others working in this field who held contrary views. One of the problems with total cardiopulmonary bypass was that the lungs were often subjected to a very foreign set of circumstances when deprived of blood and not ventilated and sometimes reacted by developing widespread consolidation. Morevoer, doubts were cast on the efficiency of the artificial lung and there was concern about the amount of damage that this could do to the blood. Drew at the Westminster Hospital aimed to keep the patient's lungs as the oxygenator by having a two pump system to replace the right and the left sides of the heart respectively.3233 Once this was established it was easy to add a cooling coil and Drew explored the territory of deep hypothermia with body temperatures as low as 8-I'0C. On 15 January 1958 he carried out his first clinical operation on a 1 year old with Down's syndrome and a complete A-V canal. Unfortunately the child developed heart block some hours after operation and died. The first successful operation was on 29 January 1959 and was on a 4 year old with ventricular and atrial septal defects.
Few followed Drew' One of the most challenging conditions presented to the cardiac surgeon was aneurysmal dilation, with or without dissection, of the ascending aorta, affecting the sinuses of Valsalva and often the aortic valve ring as well. Bentall and de Bono56 in 1968 described a technique for complete replacement of the affected aorta, the sinuses of Valsalva, and the aortic valve by a Dacron conduit containing a mechanical valve prosthesis, the coronary arteries being carefully sutured to a small opening in the Dacron tube. Although alterations of detail have been suggested by other surgeons, the basis of this "Bentall operation" remains sound.
Surgery for congenital heart disease It was inevitable that the The most recent developments in surgery for congenital heart disease have been breathtaking. They are based on the excellent anatomical and embryological contributions of Anderson and Allwork, together with improved methods of perfusing the neonate and intricate intensive care both before and after surgery. Surgical advances in the form of external and internal conduits with or without valves enabled the surgeon to deal with such lesions as tricuspid stenosis, double outlet ventricle, and persistent truncus arteriosus. Magdi Yacoub at Harefield Hospital and Chris Lincoln at the Brompton Hospital in addition to the surgeons at Great Ormond Street were leaders here. On the medical side echocardiography became so effective as a diagnostic tool that it often made the risk of angiography unnecessary.
Cardiomyopathy
In 1957 Brock, when-operating on a patient with aortic stenosis by dilatation through the left ventricle, encountered a normal aortic valve and obstruction of the outflow tract of the left ventricle by a mass of muscle.59 He labelled the condition "functional obstruction of the left ventricle." A year later Teare, a pathologist, reported on several young patients who had died suddenly and were found to have massive hypertrophy of the ventricular septum, a condition he referred to as asymmetrical hypertrophy.60 Later that year Cleland and Bentall were operating on a young man with supposed aortic stenosis. The patient was crippled by angina, which prevented him from working and leading a normal life. Exploration of the valve with cardiopulmonary bypass revealed an aortic valve but massive hypertrophy of the septum below it. A limited incision and excision of the muscle mass resulted in a dramatic relief of symptoms, which was maintained for many years.
Goodwin and his colleague Celia Oakley put these three isolated observations together and began a study of the condition they called "hypertrophic obstructive cardiomyopathy."6' Some patients who met the required criteria underwent surgery, and the results were encouraging. Glen Morrow in Bethesda and Barrett Boyes in Auckland became even more enthusiastic about surgery than the Hammersmith group. Twenty years later enthusiasm for surgery has waned as more effective drug treatment has become available but there are still a few patients who can be helped surgically. Interestingly, about half the cardiac transplantations done at Papworth Hospital are for cardiomyopathy.
Cardiac transplantation
In December 1967 Barnard62 astonished the world by performing the first clinical human cardiac transplant, based on the pioneer work of Shumway at Stanford. His patient lived for 18 days and died from acute rejection according to Dempster at Hammersmith, who was shown the slides from Cape Town. A second patient lived for about 18 months but died from severe atheroma of the coronary vessels of the transplanted heart. A wave of enthusiasm swept the surgical world and transplants were carried out widely.
In Britain the only team to carry out transplants was at the National Heart Hospital, led by Donald Ross and Donald Longmore. Three patients were transplanted by Ross, two at the National Heart Hospital and one at Guy's Hospital. The longest survivor lived for 43 days. Unhappily, the handling of the problem of donors led to a public outcry and further transplants were discouraged by the Department of Health and Social Security. A transplant advisory panel was then set up by the health departments to supervise transplant activities. A 894 definition of brain death evolved,63 which was designed to convince the public and the profession that an individual would be accepted as a donor only after it had been ensured that independent life would never be possible.
Shumway at Stanford continued with his transplant programme when most others had given up in disillusionment. As his results improved64 and it appeared that clinical transplants in the United Kingdom might be resumed, the Transplant Advisory Panel outlined a series of guidelines which would have to be met before permission would be given to proceed. 
